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Abstract.  Two grazing systems were compared, one of a conventional sort limited to grass (GS) and the other a 
mixed  sylvopastoral system (SGS), with respect to their effect on control of gastrointestinal parasitic nematodes.  
Sixty-two lactating crossbred Zebu cows (457 ± 25 kg bodyweight) were divided into in two groups of 31 each.  The 
GS group was maintained 24 h daily without shade, grazing Cynodon or Brachiaria herbage, while the SGS cows had 
access to the above mentioned grasses and to a subtropical forest.  All of the animals received 2.5 kg/d of a slow-
intake supplement containing urea.  The measurements performed were: fecal parasite egg counts on eight 
occasions over 200d, identification of nematodes by growth of their larvae in culture, packed red blood cell volume 
(PCV), FARMACHA index value based on coloration of the conjunctiva mucosa, and body condition score (BCS).  
A greater number of eggs per gram of feces (EPGF) were found in GS cows than in those of SGS (p<0.05).   In both 
systems the PCV remained within the normal range, but the FAMACHA© value was higher under SGS (p<0.05).  
The BCS of SGS and GS cows were 3.3 and 2.7 respectively (p<0.01).  In GS data the following correlations (r) were 
obtained:  negative, EPGF with PCV (-0.77), with BCS (-0.61) and with FAMACHA score (-0.41); and positive, BCS 
with FAMACHA value (0.62).  In SGS data the highest and negative condition was that of PCV with FAMACHA© 
score (-0.32).  The principal nematodes identified in culture for both systems were Oesophagostomum spp, 
Haemonchus contortus, Trichostrongylus and Cooperia spp. It was concluded that the mixed sylvopastoral system 
shows promise for controlling parasitic nematode infection in bovines to the benefit of animal health.  
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Efecto de plantas ricas en taninos en el  
control de nemátodos gastrointestinales en vacas cebuinas  
pastando en un sistema silvipastoril subtropical  
 
Resumen. Se comparó un sistema de pastoreo convencional limitado a gramíneas (GS) contra otro de tipo mixto 
silvipastoril (SGS) referente al control de nematodos parasíticos gastrointestinales.  Se dividieron 62  vacas 
cebuinas mestizas lactantes (457 ± 25 kg) en dos grupos  de 31 animales.  El grupo GS se mantuvo las 24 h al aire 
libre de pastoreo en forraje Cynodon o Brachiaria, mientras el grupo SGS tuvo acceso a las citadas gramíneas y 
también a un bosque subtropical.  Todos los animales recibieron 2,5 kg/d de un suplemento de urea de consumo 
lento.  Se realizó el conteo fecal de huevos de parásitos en ocho ocasiones durante 200 d, la identificación de 
nemátodos por el crecimiento de las larvas, el volumen proporcional de las células rojas sanguíneas aglomerado 
(PCV), el índice FAMACHA© basado en la coloración de la mucosa de la conjuntiva y la condición corporal (BC).  
Se verificó una mayor cantidad de huevos por gramo de heces (EPGF) en las vacas GS que en las SGS (P<0,05).  
En ambos sistemas el PCV se mantuvo dentro de los límites normales, pero el índice FAMACHA© fue mayor 
bajo el SGS (P<0,05).  El marcador BC fue de 3,3 y 2,7 en SGS y GS, respectivamente (P<0,01).  En el sistema GS se 
obtuvieron las siguientes correlaciones: negativas, EPGV con PCV  (-0.77); con BC   (-0.61) y con índice FAMACHA 
(-0.41) y positiva BC con índice  FAMACHA  (0.62).  En el SGS la correlación más alta fue la negativa de PCV con 
                                                          
Recibido: 2015-05-07. Aceptado: 2016-10-02  
1 Autor para la correspondencia: Miguel Angel Galina Hidalgo" miguelgalina@unam.mx  
2 Facultad de Medicina Veterinaria y Zootecnia, Universidad de Colima.  
ISSN 1022-1301. 2016. Archivos Latinoamericanos de Producción Animal. Vol. 24(4):241-251 
242 Galina et al. 
 
índice FAMACHA  (-0.32).  Los principales nematodos identificados en cultivo de larvas en ambos sistemas fueron 
Oesophagostomum spp, Haemonchus contortus, Trichostrongylus y Cooperia spp.  Se concluye que el sistema silvipastoril 
es promisorio como modo de combatir los nematodos parasíticos y promover mejor salud animal. 
 




Increasing interest is directed toward 
development of alternative methods to reduce the 
dependence on chemical treatments for controlling 
parasitic nematode infections (Torres-Acosta and 
Hoste, 2008).  Although many different species of 
nematode parasites infect ruminant livestock, there 
are only a relatively few that cause major economic or 
sanitary problems, examples of which are: 
Haemonchus spp, Ostertagia/Teladorsagia spp, 
Trichostrongylus spp, Nematodirus spp and Cooperia spp. 
(Waller, 2006).  Economic evaluation has shown that 
the major losses due to parasites are in animal 
production, rather than mortality (Perry and 
Randolph, 1999; Perry et al., 2002). Conventional 
methods of controlling gastrointestinal nematode 
parasites of grazing livestock have relied on the use 
of chemical anthelmintics (AH) due to the remarkable 
development of these products in terms of efficacy, 
safety, spectrum of activity and relatively low cost. 
However, the spectrum of parasite resistance and the 
increasing demand by consumers for “clean” and 
“green” agricultural products to diminish the threat 
of adverse environmental effects from the use of any 
chemicals in agricultural production has also driven 
the agenda (Waller, 2006).   Experience and prospects 
for controlling internal parasites in grazing ruminants 
without use of AH were reviewed extensively by 
Niezen et al. (1996).  
The use of bioactive plants is one such alternative.  
Plants have been used throughout history for their 
medicinal properties.  This use has often focused on 
human health but plants are also applied in veterinary 
practice and animal health management (Rochefort et 
al., 2008). 
Tannin-rich (TR) plants have been studied in 
regard to veterinary medicine (Ramírez-Restrepo and 
Barry, 2005; Hoste et al., 2006).  In vivo studies have 
shown an AH effect related to consumption of TR 
plants (Niezen et al., 1996; Athanasiadou et al., 2001; 
Paolini et al., 2003a; 2003b).  The main TR plant affect 
reported has been a reduction of L3 stage establishment 
(Paolini et al., 2003a; Tzamaloukas et al., 2006).  Plant 
tannins impair nematode larval development and 
viability (Hoste et al., 2005; 2011) and their AH 
properties depend on quality and tannin concentration 
(Landu et al., 2010). In vitro screenings have related the 
potential AH properties of several tropical legumes 
(Hammond et al., 1997; Cresswell, 2007; Hoste et al., 
2008) including various Mexican species (Acacia 
gaumeri, Havardia albicans, Pisidia piscipula, Lysiloma 
latisquum and Leucaena leucocephala) (Alonso-Díaz et al., 
2008a; 2008b; Hernandez-Orduño et al., 2008).  
However, most of the studies in vivo and in vitro have 
been conducted on small ruminants (Martinez-Ortiz-
de-Montellano et al., 2010).  Very little knowledge has 
been generated on TR plants or their effect on 
controlling gastrointestinal nematodes in browsing 
livestock.  
Previously, research showed that alternative 
pasture plants such as Lotus corniculatus and 
Chicorium intybus can reduced the gastrointestinal 
worm burden in ruminants (Rochefort et al., 2008).  
There is a question as to whether this effect is one of 
plant structure (i.e. higher level grazing resulting in 
less reinfection in animals through manure 
ingestion) or is due to biological activity of the 
polyphenolic phyto-chemicals in the forage (Paolini 
et al., 2003b; Marley et al., 2005; Ramirez-Restrepo 
and Barry, 2005).  The AH action of secondary 
metabolites has been the subject of recent reviews 
exploring both in vitro and in vivo effects of plant 
constituents (Ghisalberti, 2002; Githiori et al., 2006).  
A large number of plants possess documented 
nematocidity, tough for the majority the bioactives 
responsible for this activity remain unidentified 
(Ghisalberti, 2002).  
Previous studies have demonstrated the 
evolution of multiple resistance of parasites to AH 
treatments, which has become a severe problem in the 
abatement of parasite infections (Moors and Gauly, 
2009).  Ovine gastrointestinal parasitism is considered 
one of the main causes of economic losses in the 
tropical sheep industry.  This situation reaches an 
alarming dimension when AH resistance appears.  
Among the alternatives for controlling sheep 
parasites the FAMACHA© system is useful (Moors 
and Gauly, 2009).  Therefore, the prevention of 
resistance is an important factor in parasite control. 
Selective treatment of the most infected and/or 
anaemic animals helps to prevent the development of 
drug resistance. The FAMACHA©  chart, developed 
in South Africa by Malan et al. (2001), is a simple 
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system to categorized the anaemic status of small 
ruminants based on a conjunctiva mucosa colour 
score on a scale from 1 (optimal eye colour, red) to 5 
(pale eye colour, white).  To the best of our knowledge 
this method has not been applied to large ruminants. 
The FAMACHA© system seems to be a suitable 
method to detect and prevent parasite infections in 
sheep and goats (Malan et al., 2001; Van Wyk and 
Bath, 2002; Vatta et al., 2001; 2002; Kaplan et al., 2004), 
however a similar relationship between conjunctiva 
mucosa colour and parasite infection in cattle awaits 
testing. 
Therefore, the aim of the present study was to 
measure the effect of grazing in a pure grass pasture 
or in a mixed sylvopastoral system on gastro-
intestinal nematode infections in cattle and to test the 
feasibility of the FAMACHA© conjunctiva mucosal 
colouring principle in large ruminants. 
 
Material and Methods 
 
The experiment was conducted in the dry tropic 
of Colima, Mexico, at 19°23’ latitude north, 103°41’ 
longitude west and 1,400 m above sea level. Köppen´s 
climate classification is Aw1 (w) with rainy season 
from July to October.  Mean annual rainfall is 1,048 
mm and temperature 25°C.  The tree community is 
one of subtropical deciduous forest. 
Animal management 
During May to November (200 days), 62 
crossbred Zebu cows, all in their second, third or 
fourth lactation (mean age 3-7 yr), in mid lactation 
and of 457 ± 25 kg bodyweight, were divided into two 
groups of 31 each.  One group (SGS) was submitted 
to 24 h sylvopastoral grazing system in which the 
cows browsed freely in a subtropical deciduous forest 
located beside fields of grass forage and were obliged 
to pass through the  forest, to drink water directly 
from a flowing river (Ortiz et al., 2002).  The SGS 
grazing area encompassed 8.8 ha of Cynodon 
plactostachyus; 8 ha of Brachiaria brizantha and 10 ha of 
tropical deciduous forest. The second group (GS) was 
kept outdoors 24 h daily in 9 ha of C. plactostachyus 
and 10 ha of B. brizantha pastures with drinking water 
available ad libitum. Each animal group was offered 
2.5 kg daily of a slow intake urea supplement (SIUS) 
(Galina et al., 2003).  Stocking rates varied from 3.6 to 
5.9 AU/ha.  At all times, grass availability exceeded 
the voluntary dry matter intake (VDMI).  The animals 
grazed for 6 mo, to ensure their contact with the 
parasites.  
Laboratory analyses 
The animals were followed and observed during 
4 h daily at 7 d intervals to identify the plants 
ingested.  Samples of trees and shrubs consumed 
were taken for analyses of dry matter (DM) (24 h at 
105°C), neutral and acid detergent fibre (NDF and 
ADF) (Van Soest et al., 1991).  The NDF was 
determined without the use of alpha amylase, as no 
starch was expected in the plants analyzed, but with 
the addition of sodium sulphite as recommended by 
Robbins et al. (1987) for tanniniferous forages in order 
to remove insoluble protein-tannin complexes. Values 
of NDF, ADF and lignin were not corrected for ash 
content.  
The in vitro digestibility of dry matter (IVDDM) 
was evaluated according to Tilley and Terry (1963). 
Fermentation residues were analyzed for DM and N 
only. Condensed tannins (CT) were extracted using 
the method of Barahona et al., 2003). 
Fecal egg count and larval culture 
Fecal samples were taken monthly directly from 
the rectum of 12 cows selected randomly and kept in 
plastic bags properly marked.  Egg counts were 
performed using a modified McMaster technique 
with a detection level of 50 eggs per gram of feces 
(EPGF) (Morales and Pino, 1977). Identification of 
larval growth was according to the method of 
Morales et al. (2001). 
Packed red cells volume (PCV) 
Blood samples of 12 animals selected randomly 
were taken directly from the coccygeal vein, using 
vacuum tubes containing EDTA. PCV (%) was 
determined by microhaematocrit centrifuge technique 
(Camus, 1983).  
FAMACHA© index 
The coloration of eye conjunctiva mucosa of 12 
cows was evaluated according to the scale of the 
FAMACHA© system developed for small ruminants 
(Malan et al., 2001; Molento et al., 2004), which 
estimates clinical anemia, using a scale from 1 
(normal) to 5 (fatal).  
Body condition score (BCS)  
Body condition was evaluated on a scale from 1 
(very thin) to 5 (obese) (Martinez et al., 1998; 
Wildman, et al., 1982). 
Statistical analysis 
Linear regressions were calculated to estimate 
the associations between pairs of the variables EPGF, 
PCV, BCS and FAMACHA© index (clinical anemia). 
Linear regression slopes obtained from sylvopastoral 
system and conventional grazing system were 
compared by T test. 
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Forage plants consumed by the cows and various 
criteria for their characterization are summarized in 
Table 1. Crude protein content ranged from 18.0% to 
25.9% in the 13 legumes and was 9.9% and 10.7% in 
the two grasses C. plactostachyus and B. brizantha 
respectively.  The crude protein digestibility was high 
in all cases ranging from 71.6% to 92.7%. Desmodium 
spp had the highest content of ADF (49.2%) and 
Bunchosia palmeri the lowest (16.8%).  Condensed 
tannins content ranged from 3.65% in Platymiscium 
lasiocarpum to 12.5% in Plumera rubra, whereas in the 
grasses CT content was no higher than 0.64%. 
Fecal egg count and larval culture 
Over the course of the experiment (Figure 1) a 
progressive and significant increase of EPGF 
occurred in both systems, but with consistently lower 
levels in SGS.  Observations began during the peak of 
the dry season (May) and continued till the end of the 
rainy season (November). 
Linear regression quantified this trend in EPGF 
in both systems, with respective coefficients (b) of 2.47 
and 1.40 EPGF daily in GS and SGS (P<0.05). 
Larval culture identified three types of 
nematodes present in SGS Oesophagostomum spp, 
Haemonchus contortus, Trichostrongylus and Cooperia 
spp.  In GS the nematodes recovered were mainly 
Haemonchus contortus Oesophagostomum spp, 
Strongyloides spp and Chabertia spp. 
Packed red cells volume (PCV) 
The packed red cells volume measured in both 
systems remained within normal ranges, but the 
percentage in SGS did not vary as much as in GS. 
However, there was no statistical correlation between 
parasite infection and the measured values for 
hemoglobin and PCV (Figure 2). 
FAMACHA© index 
Student T test to compare the conjunctiva color 
index (FAMACHA©) between the two systems (SGS 
and GS), demonstrated a difference of 0.7 (P<0.05) in 
the FAMACHA © scale, indicating that SGS was 
superior to GS (3.4 vs. 2.7), demonstrating better 
health. 
A negative correlation was obtained between the 
EPGF and index of conjunctiva color (-0.41) proving 
the feasibility of using the latter in large ruminants. 
Body condition score. The mean BCS in SPS remained 
steady at 3.3, while GS showed a lower value of 2.7 
(P<0.01).  
Correlations.  
Linear regression analysis showed that under 
the conventional management of GS, EPGF was 
negatively correlated with PCV (-0.77) BCS (-0.61) 
and FAMACHA index (-0.41).  
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The positive and significant correlation between 
BCS and FAMACHA index (0.62) shows that 
animals with a high BCS are usually not anemic as 
judged by colour of the eyelid (Table 2). 
Correlations  determined  for  the  sylvopas- 
toral  system  showed no significant association of 
the EPG with any of the indicators of anemia (PCV, 
BC or FAMACHA index), and in fact the third of 






 Figure 2. Trends estimated by linear regression of blood packed red cells volume under each 




























Table 2.  Linear correlations for the conventional grazing system 
 
Variables Correlations coefficient 
EPGF-PCV -0.77 
EPGF-Body Condition Score -0.61 
EPGF- FAMACHA© index -0.41 
PCV-Body Condition Score 0.18 
PCV- FAMACHA© index 0.01 
Body Condition Score- FAMACHA© index 0.62 
EPGF= eggs per gram of faeces.    PCV=Packed red cells volume. 
 
 
Table 3.  Linear correlations for the sylvopastoral system 
 
Variables Correlations coefficient 
EPGF-PCV -0.14 
EPGF -Body condition score -0.14 
EPGF- FAMACHA© index 0.22 
PCV - Body condition score -0.25 
PCV - FAMACHA© index -0.32 
Body condition score- FAMACHA© index -0.16 
EPGF= eggs per gram of faeces.  PCV=Packed red cells volume.  
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The present results showed a greater EPGF under  
conventional grazing compared to the SGS system. 
Hoste et al. (2011) mentioned that inclusion of 
sylvopastoral plants in the diet contributes to the 
restoration of appetite and less frequent diarrhea, 
which is related to a reduction of gastrointestinal 
adult worms and eggs in feces. 
Thus the SGS promoted better health with lower 
nematode infection, due to reduced risk of parasitic 
contamination, as discussed by Soca and Areco (2000).  
Sylvopastoral systems involve significant changes in 
survivability of free-living parasite stages. In work 
with cattle by Soca et al. (2002) demonstrated a decrease 
in the number of gastrointestinal parasite eggs and 
more rapid decomposition of feces under a sylvo-
pastoral system, compared with grazing of grasses 
only. In the present study the trend of EPGF showed 
an increase with time in both systems. Torres-Acosta 
and Hoste (2008) found a reduced charge of nematodes 
parasites when goats browsed leguminous trees, 
which is consistent with the present findings.  Probably 
the parts of trees consumed by cattle in the present 
study were rich in tannins and this effected the growth 
and presence of nematodes. 
The normal values of packed red cells volume, in 
bovines lie between 24% and 46%.  Mean PCV 
measured in both systems remained within normal 
limits, but in SGS the variability was less than in GS. 
Other studies (Vasquez et al., 2006) have shown that 
PCV values are not always affected by the number 
amount of gastrointestinal parasites present. 
The blood is composed of a clear fluid called 
plasma and a cellular component (mainly red cells). 
The proportion of red cells/plasma determines the 
degree of anemia present in the animal. This ratio can 
be estimated by observing the change in coloration of 
the mucous membranes of the eyes. Studies in Cuba 
showed the applicability of this methodology in the 
detection of anemia in sheep infected by Haemonchus 
spp (Arece, 2007).  However, the applicability of this to 
bovine is unknown.  The present study evaluated the 
feasibility of detecting anemic cows by use of 
FAMACHA© methodology in a sylvopastoral system. 
Upon comparing the FAMACHA© index between 
the two systems (SGS and GS), a difference of 0.7 is 
found, in favor of SGS.  In CS a negative correlation 
was obtained between the EPGF and intensity of 
conjunctiva color (-0.41), meaning that a higher egg 
count was associated with a greater degree of anemia. 
Malan and Van Wyk (1992) found associations 
between the color of conjunctiva of the eye, the PCV 
and the presence of H. contortus. Van Wyk et al. (1997) 
also associated PCV values with color intensity of the 
ocular conjunctiva. 
Few studies have been conducted on grazing 
systems in the dry tropics with regard to 
sylvopastoral gastrointestinal nematode infection in 
cattle, but the present results show promise for 
nematode control.  Although the development of free-
living stages of parasites is generally faster in tropical 
than in temperate regions, their longevity is shorter. 
Cattle grazing under humid tropical climates are 
exposed to peak larval concentrations of H. contortus 
and Trichostrongylus spp about one week after 
contamination, but concentrations fall to barely 
detectable levels within 4-6 wks (Banks et al., 1990, 
Barger et al., 1994, Sani and Chandrawathani, 1996, 
Sani et al., 1996). Most research on effects of bioactive 
plants against gastrointestinal nematodes have 
focused on grazing sheep, including studies in which 
grazing animals were fed forage herbs freshly picked, 
or tree fodder. Most of the published work is focused 
on forage legumes, including Coronarium 
(Athanasiadou et al., 2005), Sainfoin spp, and Onobrychis 
viciifolia (Athanasiadou et al., 2005; Hoste, et al., 2006), 
Serradella, Lotus corniculatus, Lotus pedunculatus) and 
Sericea lespedeza (Hoste et al., 2006); Cichorium intybus 
(Hoste et al., 2006).  Few data relate to the woody plants 
from a wide range of botanical families, which are 
consumed by goats, deer and, to a lesser extent, sheep 
grazing or browsing in tropical and temperate 
environments (Kabasa, 2000; Kahiya, 2003). No data on 
this issue of gastrointestinal nematode control in cattle 
by tannins were found in the literature reviewed. 
Body conditions score is a subjective assessment of 
energy stored as fat and muscle at a given time. 
Changes in BCS are a reliable and practical guide to 
establish the nutritional status of the animal. Changes 
in the proportion of fatty tissue and muscle are not 
easily detected directly, but the estimates of BCS status 
represent a helpful tool (Roche et al., 2009). In the 
present work SGS resulted in higher BCS in 
comparison with GS, which suggests that the dairy 
cows lost less energy due to a high parasite load in their 
digestive system and therefore did not decline in BCS 
(Baños et al., 2004).  In another study (Conti et al., 2007) 
dairy cows grazing on temperate Italian rye grass 
(Lolium multiflorum), and offered CT in the diet showed 
no change in BCS.  Waghorn and Shelton, (1997) 
mentioned that the improved animal performance 
observed when the diet contains low levels of tannins 
has generally been attributed to the protection of feed 
protein from forming indigestible complexes in the 
rumen, leading to increased flow of essential amino 
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acids to the small intestine and their absorption into the 
blood. 
Larval culture undertaken in the present study 
identified three types of nematodes present that 
were similar to those reported by Soca et al., (2007) 
as being dangerous to cattle (Haemonchus, Ostertagia/ 
Teladorsagia, Trichostrongylus, Nematodirus and 
Cooperia spp).  However, infections of gastrointestinal 
nematodes in grazing cattle almost always consist of a 
mixture of species.  All have adverse effects and 
collectively produced a chronic low BCS score. 
Economic evaluations consistently show that the main 
losses caused by gastrointestinal parasites are from 
decreases in animal production, and to a lesser degree 
due to mortality (Hawkins, 1993; McLeod, 1995, Perry 
and Randolph, 1999, Perry et al., 2002).  
Conventional methods to control this group of 
parasites have relied on AH.  These products have 
initially shown efficacy, safety, a wide spectrum of 
activity and relatively low cost, thus livestock 
producers have relied almost exclusively on their use 
for control of nematodes (Waller, 2006). However, the 
increasing parasite resistance to all major groups of 
broad-spectrum AH has lessened the usefulness of 
this methodology in the control of parasites, 
particularly for ruminant livestock worldwide 
(Waller, 2006). 
Many consumers now demand agricultural 
products that must be "clean" "green" and free of 
pharmaceuticals and agrochemicals. Interest in 
animal products of this type has grown due to the 
adverse publicity on the effects of these chemicals on 
human health and welfare.  Also of concern is the 
development of new microbial pathogens "resistant" 
to the antibiotics used in intensive systems of 
livestock production (Milera et al., 2004).  The present 
results suggest that a change in the system can be a 
non-aggressive, environmentally friendly mecha-
nism, without using drugs or chemicals for control of 
gastrointestinal nematodes in ruminants. 
The mechanism of the beneficial effects on 
internal parasites control through TR plants could 
involve a combination of the following factors: First, 
the tannins might form complexes with non-
biodegradable protein in the rumen, which dissociate 
in the low pH of the abomasum, to produce more 
protein available for metabolism in the small intestine 
(Min et al., 2003; Hernandez-Orduño et al., 2008). This 
could indirectly improve host resistance and 
resilience to parasite infections. Secondly, the tannins 
might exert a direct AH effect on the worm 
populations present in animals. And third, the 
tannins and/or their associated metabolites in 
manure can have a direct effect on the development 
of eggs and viability of the free-living stages up to 
that of infectious larvae. The CT contents determined 
in the forage used in the present work were within the 
range reported in several studies (3-6% DM) in 
association with positive effects on host physiology, 
antiparasitic activity, growth, and wool or milk 
production (Min, et al., 2003; Waghorn and McNabb, 
2003; Hoste, et al., 2006). Although there is evidence 
to support tannin AH activity, a direct plant de-
worming effect remains unclear (Heckendorn et al., 
2007). 
The potential value of TR plants, as supported 
by results of in vitro and in vivo studies needs to be 
established and quantified in more detail (Hoste et 
al., 2006).  These studies present difficulties, 
particularly in grazed TR plants.  Other active 
compounds need to be identified and their 
mechanisms of actions delucidated, to enable 
development of efficient methods for controlling 
gastrointestinal nematodes. These are essential in 
order to use the TR plants more effectively and 
promote sustainable farming systems.  It is essential 
to defend potential sources of both temperate and 
tropical TR plant resources. A better understanding 
of the mode of action of bioactive compounds of 
plants and their effects on specific forms and/or 
specific process control of parasites should also 
provide some indication of the risk of development 
of parasite resistance against tannins. Previous 
studies with the use of chemical AH has highlighted 
the fact that the control of gastrointestinal 
nematodes in ruminants cannot rely on a single 
alternative, but the TR plants have a potential role as 
a component of an integrated approach to control 




The present results provide evidence that SGS is 
a better alternative than GS for cattle production 
because the combination of microclimatic factors 
and grazing of TR plants, shrubs and trees, 
decreases the animals’ parasite load, thus providing 
improved conditions for productive functioning, of 
animals in better health, as reflected in a lower 
burden of nematode eggs, and a higher PCV. 
A high negative correlation was found between 
nematode infection and color of the conjunctiva 
mucosa, thus giving support to use of the 
FAMACHA© method in large ruminants. 
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